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Introduction
Since July 1999, Brazil has adopted inflation targeting as its monetary policy regime. This policy uses the nominal interest rate as a mechanism to affect real and nominal economic variables. The COPOM (Monetary Policy Committee) focuses on nominal interest rate to control future expectations about inflation and, thus, achieve price stability and control inflation. By announcing its inflation target range, they believe that the interest rate policy will not cause expectations to go wild and, thus, lose control of the inflation target. This mechanism of controlling expectations, in our view, depends upon COPOM members' permanence in their positions in order for the monetary policy to have credibility. The replacement of COPOM members may lead economic agents to see as a weakening of the inflation target policy 1 and, thus, inflation may not converge to the expected rate proposed by the previous COPOM members.
This paper examines this proposition by verifying the importance of COPOM directors' turnover for inflation target policy. This paper also investigates the role played by variables like output gap, inflation target level, rate of change in inflation, and output gap expectations for the inflation target policy in Brazil. The empirical analysis brings as innovation the use of SVAR-Structural Vector Auto Regression, which is a technique that is able to account for causality.
The COPOM inflation target policy follows a theoretical model known as dynamic stochastic general equilibrium (DSGE) . This model is based on Gali (2008) and Woodford (2008) , as well as the contributions made by Goodfriend and King (1997) , McCallum (1999 McCallum ( , 2001 McCallum ( , 2005 , Clarida et al. (1999) , Meyer (2001) and Goodfriend (2004 Goodfriend ( , 2005 . The model contains a reaction function that supposedly combines key macroeconomic variables that enables policy makers to set interest rate level. This paper focuses on this reaction function by adapting it to consider the turnover of COPOM members.
In addition to this introduction, the paper is divided into six sections: Section 2 is the theoretical framework; Section 3 exhibits some empirical evidence on the estimation of the reaction functions; Section 4 presents the empirical methodology; Section 5 discusses the econometric results; and, finally, Section 6 outlines final considerations.
Monetary policy rules in the new macroeconomic consensus
The new macroeconomic consensus, which provides tools for many Central Banks worldwide, is formally described in the pioneering work of Clarida et al. (1999) together with improvements made by McCallum (1999 McCallum ( , 2001 McCallum ( , 2005 , Meyer (2001) and Arestis and Sawyer (2002a,b,c, 2006) . This new consensus also includes reasoning from open economy models and monetary policy rules, as discussed in Arestis (2007) and Angeriz and Arestis (2007) . According to Meyer (2001) , this new consensus is represented by a dynamic model with three equations. This set of equations is flexible enough to accepted new formulations like ours without losing its main characteristics and objective of a Central Bank's reaction function. In this way, equations may differ in the number of variables or the number of lags used, however the model remains essentiality the same. The three equations of the consensus model are (i) an equation of aggregate demand; (ii) a Phillips curve, and (iii) a Monetary Policy Rule. The first equation follows the structure of the traditional IS curve with the difference that it comes from an intertemporal optimization framework. It relates product responses to changes in the real interest rate. The second equation is the relative price adjustment, which specifies the behavior of inflation in response to variations in production capacity and expectations; and, finally, the third equation is a monetary policy rule similar to the one in Meyer (2001) .
We start with the model developed by Clarida et al. (1999) because it is the specification that provides the foundation for this new monetary arrangement. This model's main proposition is that monetary policy plays a key role in determining short-term economic activity by advocating the presence of temporary nominal price rigidities as in the traditional IS-LM model. Therefore, the model is based on a dynamic general equilibrium framework with money and temporary nominal rigidities in prices. The final equations to be presented are obtained by solving the process of optimizing decisions of firms and consumers.
Formally, defining π t as the inflation rate in period t and i t the nominal interest rate, the behavior of the economy can be represented by two equations, one on the demand side, called the IS curve, and the other on the supply side, the Phillips curve. 2
where π t is the inflation rate at period t, defined as the percentage change in the price level between t − 1 and t; x t is the output gap; E t π t+1 is the expected inflation rate at period t over t + 1 inflation; E t x t+1 is the expected output gap at t over period t + 1 output gap; R t is the short-run nominal interest rate. In Addition, g t and u t are errors terms obeying the following structures, respectively:
0 ≤ μ, ρ ≤ 1, g t and u t are independent and identically distributed random variables (i.i.d), with mean zero, variances σ 2 s and σ 2 u , respectively. The main characteristic of this new IS curve is the dependence of aggregate demand with respect to changes in expectations about the product and the interest rate. Therefore, an expected increase in the output would raise current output because individuals will prefer to smooth future consumption. However, the negative effect of the increase in the interest rate would occur from agents' intertemporal substitution between consumption and savings. That is, a rise in the interest rate can raise the level of savings at the expense of present consumption.
The Phillips curve in Eq.
(2) is derived from an explicit optimization problem in a context of monopolistic competition, in which each firm sets its price level subject to future adjustments. The main difference of this proposition in relation to the original Phillips curve is the inclusion of the variable regarding future expected inflation rate, E t π t+1 . So, this is a forward looking process instead of the traditional backward looking process, E t−1 π t . Also, note that the coefficient of the output gap is decreasing in the degree of rigidities in prices and u t represents possible supply shocks.
To close the model specification we need a core equation that determines interest rate, which is in our case the COPOM reaction function. In the model proposed by Clarida et al. (1999) there is an innovation in relation to the traditional Taylor Rule (1993) . More precisely, inflation expectation is explicit and a forward-looking process.
As highlighted by the authors, this monetary policy rule responds to the expected inflation rather than to past inflation. The innovation makes it more consistent with the overall model represented by Eqs. (1)-(4). Hence, Eq. (5) is the focus of our next section and of our empirical work.
Empirical evidence on reaction functions estimates
A seminal work about monetary policy rules with inflation targeting is Taylor (1993) . It highlights the determination of the interest rate as a monetary instrument to achieve the inflation target. According to the author, policymakers should identify relevant variables for the economy's price stability. By managing the interest rate in response to changes in these variables, policymakers would achieve price stability in the economy. The first estimates made by Taylor (1993) considered a simple linear reaction function that expressed the behavior of interest rates. His estimates for the United States for the period 1987-1992 had as main characteristic explaining variables like the deviation of inflation from its equilibrium value (or target), and the deviation from real output relative to its potential level. The proposed function was:
where i t is the Federal Funds interest rate; r* is the equilibrium real interest rate; π is the inflation rate (from GDP deflator); π* is the inflation target; and y is the percentage deviation of real output in relation to the potential output (output gap). The author's empirical results show that the predicted interest rate was a close approximation to the actual interest rate in the U.S. economy for the period 1987-1992. Note that Taylor points to a target or equilibrium inflation rate of 2%. The U.S. Federal Reserve (Fed) would respond to deviations from the actual inflation rate from the equilibrium level of 2% and to deviations of output based on a backward-looking process. Despite his notorious contribution, the Taylor's Rule (1993) lacked variables that account for future expectations about inflation and output. To address this deficiency, several studies have modified slightly the Taylor's reaction function.
Among the pioneering works, Judd and Rudebush (1998) estimated a reaction function for the Fed during three different institutional presidents. 3 The purpose of work was to evaluate the hypothesis that the turnovers of central bank presidents might also influence monetary policy. Their first estimate was of Taylor's reaction function in order to use it as baseline. As expected, this function did not adhere well to the overall data sample. It means that each one of the Central Bank administration had its own way of conducting monetary policy. To adjust the reaction function to capture such change in administration, the authors assumed that the authorities did not react instantaneously to economic changes. This assumption led the authors to propose the following reaction function specification
Lagged interest rate and its change (i t − 1 , Δi t − 1 ) and the output gap (y t − 1 ) were added to the new function in order to capture past behavior or the autoregressive process of the interest rate. By using OLS -Ordinary Least Squares estimates the results obtained by the authors showed to be different from the Taylor model. For the period Greenspan, the coefficient of the lagged output gap was not significant. However, as expected the lagged interest rate did show to be significant. The coefficient estimate of 0.42 led to the conclusion that the monetary policy conducted indeed obeyed a more gradual process. Thus, the monetary policy conducted was more smoothing than in previous periods. The results also reinforced that each administration had its own monetary policy conduct. In other words, there is no single rule for all administrations. Although the changes did not affect the Central Bank credibility since price stability was guaranteed; it, however, demanded from agents' new learning on the execution of the monetary policy for each administration. Do the change cause any extra cost to society in terms of high interest rates? Unfortunately, their study does not answer this question.
A broader research conducted by Clarida et al. (2000) focuses on evaluating the monetary policy before and after Paul Volker (the breaking period was 1979). They propose a reaction function that considers the deviation from expected inflation or the interest rate deviation from a target one. Though not formally assumed in their paper, this can be seen as a way of comparing the Central Bank's Credibility in the two periods. The reaction function specification follows a linear relationship:
where r * t is the nominal interest rate of period t; π t,k represents the percentage change of the price level between periods t and t + k; π * is the inflation target; X t,q is a measurement of the proportion of the output gap from period t to t + q; E is the expectation operator; Ω t is the information set available to the individuals; and r * is the desired interest rate when the inflation and output do not deviates from their respective goals. The authors indicated that the interest rate behavior is measured by the sign and the size of the coefficients (β) and (γ).
Nevertheless, Clarida et al. (2000, p. 153 ) point out limitations of such a reaction function. First, the specification assumes an instantaneous change in the interest rate. Second, it ignores any smoothing changes in the interest rate over time. Third, it reflects constant and systematic change in the Fed's conduct of monetary policy in response to actual economic conditions. Fourth, it assumes that the Fed has total control over the interest rate in keeping it around a desired level. To overcome these limitations the authors made additional assumptions by bringing the expected autoregressive process of the interest rate back into the equation. More precisely,
They also use the generalized method of moments (GMM) to obtain estimates of the parameters (α, β, γ, ρ) . The method was applied to data that was divided into two periods. The first considers the years 1960:1 to 1979:2. This period includes the following Fed's Chairmans: William M. Martin, Arthur Burns and G. William Miller. The second period represented by the years of 1979:3 through 1996:4 corresponds to the administrations of Paul Volcker and Alan Greenspan.
Their results can be summarized as follows: (i) the inflation and output gap expectation do play a role, especially when considered the forward looking process; (ii) the authors identified significant changes in the conduct of monetary policy between the periods of pre and post 1979; (iii) the estimate for the coefficient associated with expected inflation is significant in both periods, but below the unit in the period before Volcker, around 0.83, and greater than unity for the Volcker-Greenspan period, 2.15; (iv) the coefficient (γ) related to the output gap is significant in both periods, but negligible in the Volcker-Greenspan period; and (v) the coefficient (ρ) that captures the smoothing effect of the monetary policy being conducted showed to be significant; hence it confirms that the Fed did practice smoothing procedure in setting up the interest rate in both periods.
Again, the results state that changes in Central Bank administration did impose changes in monetary policy, especially when both periods of administration are compared. Precisely, before 1979 the interest rate was not adjusted enough to meet agents expectation, therefore there was constant rise in inflation expectations. This can be interpreted as the Central Bank's lack of credibility before economic agents. However, in the Volcker-Greenspan period, the Fed increased the interest rate more intensely in response to successive increases in inflation expectations, thus meeting agents' expectations. Thus, Central Bank's credibility plays an important role in determining price stability in the U.S. economy.
The results above suggest that sometimes administration changes do improve the Central Bank credibility as in the U.S. case post 1979. However, changes in the Brazilian monetary administration have yet to been fully examined.
Regarding Brazil, there are some studies on Central Bank reaction function. Minella et al. (2002 Minella et al. ( , 2003 's reaction function captured the effect or the lagged effect of the interest rate over aggregate demand. This effect can be seen as a weighted average of the deviations of present and future inflation expectations. The major objective of this reaction function was to see how long the effect of actual interest rate policy lasts. The weighted average of the deviation of expected inflation from the target for this year may be losing relevance when looking the lagged ones. However, forward looking measures of this variable may be gaining importance. This innovative way of viewing inflation expectation is represented by the following reaction function
where Dj is the deviation between the expected inflation from the inflation target, and the nominal interest rate is a function of the lagged output gap and the lagged interest rate. The reaction function (10) is estimated for the period July 1999 to June 2002. The authors main results are (i) the COPOM adjusts the interest rate gradually, since the smoothing coefficient is around 0.8; (ii) the coefficient of the output gap is not statistically significant when using inflation expectations of the market and has an inverted signal when using inflation expectations; (iii) the coefficient of the deviations of inflation expectations in relation to the inflation target are far superior to the unit; (iv) when exchange rate was included, its coefficient was not significant. Therefore, the authors point out that during the period analyzed, the BCB -Brazilian Central Bank policy showed a forward-looking attitude, i.e., responding quickly to deviations of inflation expectations from the target previously established. In sum, the Central Bank credibility was not so high because the inflation expectation of the target was superior to the unit. This indicates that agents were expecting inflation to rise in the future. Using a model close to the ones represented by Eqs.
(1)-(4) and with Eq. (5), Freitas and Muinhos (2002) estimate a model based on three equations. An IS curve, a Phillips curve and interest rate rule a la Taylor, which can be divided into two, one traditional Taylor rule and a rule called optimal rule. The authors obtained the following results: (i) the lagged interest rate impacts negatively the output gap; (ii) the lagged output gap affects the actual inflation rate negatively; (iii) the two lagged period of quantity of money affects inflation positively not the actual one; (iv) the Phillips curve has a direct effect on inflation rate, but it is not influenced by the exchange rate policy; and lastly, (v) the reaction function with optimal rule did not do well compared to the traditional basic Taylor rule; the last one presents more favorable results than those obtained via a optimal rule in explaining interest rate.
The optimal rule study did return in the paper written by Almeida et al. (2003) . By using dynamic programming techniques, they derived a rule for optimal monetary policy conduct using an IS curve, a Phillips curve and a reaction function for a closed economy and an open economy. Estimates for the reaction function suggest that the BCB has to calibrate the rate of interest intensively to contain the rise of inflation compared to developed countries. When the reaction function considers the exchange rate, the authors suggest that the cost to curb inflation rate is lower compared to a closed economy. Thus, exchange rate is an important mechanism to help price stability in Brazil.
The importance of the exchange rate is also studied by Holland (2005) . Empirically the author analyzed whether emerging countries, specifically Brazil, respond to exchange rate shocks via its reaction function. Inspired by the work of Clarida et al. (1998) , the author assume that the interest rate is a function of the expected inflation, the output gap and the exchange rate, as can be seen in the following equation:
Using the GMM method, the results obtained indicate that the COPOM had an aggressive monetary policy conduct in curbing inflation during the period 1999-2005. First, the coefficient of the output gap was negative. One explanation given for such result was that the energy crisis was considerable in the period. Second, the exchange rate depreciation was not significant indicating that the monetary policy does not respond to the depreciation in the exchange rate.
Such contradictory results motivate Furlani et al. (2008) to estimate a reaction function for the Brazilian Central Bank using the Bayesian method. The question to be answered was very direct. Does the Central Bank alter its conduct on monetary policy due to changes in the exchange rate? The reported results by the authors suggest that there is no change in the conduct of monetary policy due to changes in the exchange rate. Besides this, they confirmed the results reported in the literature that inflation targeting regime reacts strongly to the output gap variable.
As we may see from the literature review, our proposed study on the effects of COPOM turnover as way of measuring monetary policy credibility do complement the existing ones in the literature. Nonetheless, the literature showed to us the importance of considering forward looking mechanism for expected inflation and output gap. Moreover, the exchange rate need not be considered based on the two last consistent results.
Empirical methods: the proposed reaction function
The proposed COPOM's reaction function for the Brazilian economy is as follow.
where i t is the variation of the monthly Selic rate in log terms (Selic in log difference); LDESVIO is the variable that represents the deviation of market inflation expectations regarding inflation target for a given period t, which was composed monthly in order to compare it to the year inflation rate target; GAPPIB is the output gap in log terms; EXPGAP is the expectation of the output gap also in logarithm; and the ROTADIR variable is a dummy variable, whose goal is to capture the effect of turnover of at least one member of the Board of Governors of Monetary Policy Committee (COPOM in Brazil), with voting decision, in the period studied. An alternative approach is also utilized to measure turnover of COPOM directors. It is represented by ROTAPER, which is the percentage change in the number of directors from the previous meeting. Another important variable in the model is the log difference of the interest rate or its rate of growth change. This is used to make the model consistent with the new macroeconomic consensus described by our set of equations. The empirical analysis is conducted using vector autoregression (VAR). In particular, structural VAR (SVAR) allows us to establish some degree of precedence among the variables based on the theoretical model result. In addition to the usual tests, we present the impulse-response functions. The format of the system of equations representing the SVAR model follows the one in Dias and Dias (2010) .
The dataset covers the period between January 2001 and July 2008. We chose this period for two reasons, namely: (i) to dismiss the first two years of the inflation targeting regime, in order to analyze only the interval in which the Table 1 Unit root tests.
Variable
Integration Nominal interest rate (LSELIC): The nominal interest rate is the government bonds interest rate that is set by the COPOM. It is also known as the Selic rate.
Deviation of the inflation rate expectations (LDESVIO): Calculated as the difference between the inflation expectations of the market in relation to the inflation target for a given period t.
Output gap (GAPPIB): The output gap indicates the difference between current real output and potential output. The current and potential outputs are based on the Industrial Production Index -(IPI). The Hodrick-Prescott (HP) is applied to the current output series to obtain its tendency or trend series. The output gap is then the log of the current minus potential output.
Output gap expectations (EXPGAP): The expectation of the output gap refers to the expectation of the difference between current real output and potential output. The output gap expectation used in our calculation was obtained using the GDP expected growth rate predicted monthly by the market players. However, the growth rate of potential GDP is not available in the Brazilian macroeconomic databases. Thus, this variable was calculated based on the geometric interpolation methodology used by Gordon (2011) .
The two variables used to represent COPOM members' turnover were obtained from the COPOM Report, which is made available after each meeting.
ROTADIR: Dummy variable whose goal is to capture the effect of turnover (replacement or rotation) of at least one member of the COPOM -Board of Governors of the Monetary Policy Committee. So it is one (1) if there is change in the members of COPOM otherwise zero (0).
ROTAPER: The percentage change of COPOM members. Table 1 summarizes the unit root tests obtained from the methodology proposed by Dickey-Fuller (ADF), Phillips Perron (PP), Dickey-Fuller GLS (stochastically detrended variables) and KPSS. The results indicate that the output gap (GAPPIB), the expectation of the gap in GDP (EXPGAP), and the LDESVIO are stationary variables. 4 The variable LSELIC (interest rate) is non-stationary in level and stationary in first difference. For the sake of simplicity, we renamed the first difference of LSELIC to DLSELIC. The variable ROTAPER is stationary in level. Table 2 presents the lag-order selection criteria. The VAR lag order selection was based on the Likelihood Ratio (LR), Final Prediction Error (FPE), Akaike (AIC), Schwarz (SC) and Hannan-Quinn (HQ). The selection criteria indicate that the system of equations of the VAR should contain 1 (one) lag by SC and HQ criteria and 3 (three) lags by LR, FPE and AIC criteria. Initially, the equation considers the variables lagged DLSELIC, LDESVIO, EXPGAP, ROTAPER and GAPPIB as explanatory variables. The Wald test for lag exclusion confirmed the significance of the first lag for the turnover variable. However, in order to have a balanced VAR the third lag was included in the model. As a preliminary investigation, an unrestricted VAR model of Eq. (12) is estimated to identify temporal relationships among variables. Besides the described variables, we tested two dummy variables capturing specific effects separately: the Brazilian presidential elections of 2002 and the Energy Crisis occurred in the first semester of 2002. The VAR results indicate that both variables are not significant.
Econometric results
Although not shown, the VAR results suggest that the difference in the Selic rate (DLSELIC) in the first and third lags were significant indicating the presence of an autoregressive process. The coefficients for the previous month is −0.67 and for three months lag is +0.29. This also may indicate the parsimoniousness in conducting monetary policy by the COPOM. Another interpretation is that there is inertia in the composition of the Selic rate in the Brazilian economy that contributes to the persistence of its growth rate over time. The lags of the variable LDESVIO are also significant. It indicates that when market's inflationary expectations exceed the COPOM's inflation target, the Selic interest rate would be set higher, with a lag of up to three months of influence. Considering that the COPOM meetings occurs at every 40 or 45 days, this suggests that after each meeting agents adjust their expectations about inflation by taking into consideration the new interest rate.
The variable expectation of the output gap (EXPGAP) is significant in explaining variations in the Selic rate. Furthermore, lag one and three of the output gap (GAPPIB) were not significant in determining variations in the interest rate. This result is consistent with that of Piza and Dias (2006) . Likewise, the turnover variable (ROTAPER) was not significant in the unrestricted VAR equation that explains interest rate changes. Thus, considering a short-run analysis made by the unrestricted VAR, the turnover of COPOM's directors has no short run impact on the behavior of the rate of change of the Selic. Yet, the F statistic for the unrestricted VAR model is 8.6 and a R 2 of 53%, which means that the variation in the Selic rate results from its own lagged values, the deviation of market expectations from the target, and the expectations of output gap. Another important condition is the VAR stability. The model is stable since all roots are within the unit circle, as shown in Fig. 1 .
In the coming section, we present impulse-response functions and variance decomposition for the unrestricted VAR system. 
Impulse-response functions and variance decomposition analyses
The analysis of the impulse-response functions aims at visualizing the response of a particular variable to shocks from system variables. If two variables are correlated over time and there is a stable relationship between them, it is expected that a shock in one variable spreads over the other variable. This shock is called innovation or impulse. Fig. 2 shows the behavior of the growth rate of the interest rate when there is a pulse in one of the other VAR variables. The impulse or innovation takes the size of two standard deviations (±2 s.d.) of each variable.
In the first graph of Fig. 2 , the response of interest rate change to innovations in itself shows oscillations between negative and positive effects during the twelve months predicted. Therefore, any change in the interest rate takes a full year to be entirely absorbed.
The response of interest rates to the deviation of market's inflationary expectations (LDESVIO) is positive. This means that any inflationary expectation increase leads to an increase in interest rate change. Therefore, if inflation expectations deviate from the target level set by COPOM, the interest rate reacts increasing above average especially in the first six months. This behavior confirms the commitment of policymakers with the forward-looking hypothesis of the model. Hence, the deviations of expected inflation from the pre-announced target cause adjustment in the interest rates by the COPOM in order to mitigate any expected deviation.
The response of the growth of the interest rate to COPOM Director's turnover (ROTAPER) is showed in the first graph of the second line in Fig. 2 . The changes are very dismal in the first two months and little more expressive in the third month. This indicates that the change in COPOM's directors does not affect the monetary policy credibility in the short term.
The last graph in Fig. 2 shows the response of the Selic growth rate changes due to changes in deviations of actual output from its potential, which account for the economic activity. The graph indicates that changes in economic activity did not lead to significant changes in the interest rate during the period analyzed.
In order to complement the impulse-response analysis, we perform the variance decomposition of forecasted errors for the unrestricted VAR estimates. It allows us to quantify the weight of each of the explanatory variables in determining the forecast error variance of the growth rate of the interest rate (DLSELIC) for a certain period. To save space, we omit the table with results and describe the main results for each variable below.
The analysis of variance decomposition of the forecasted error showed that much of the variance in the Selic rate occurs from shocks in itself, with a maximum value of around 91.16% in the second month. This result confirms the high inertia of the Selic rate reported in the economic literature. However, this strong participation is smoothed over the year to the value of 89.3%. Thus, it appears that the interest rate starts to respond more parsimonious to pressures or shocks from other macroeconomic variables. The largest influence on interest rate changes comes from market-inflation expectation deviations (LDESVIO). The variance decomposition demonstrates its total contribution accounts for 6.32% of the interest variation in any given year. The output gap (GAPPIB) variance decomposition shows a dismal participation of this variable in determining the variation in the Selic rate, the maximum value of the contribution is 0.22% after twelve months.
Lastly, we highlight the low significance of ROTAPER in explaining the variation in the interest rate. It reaches a maximum value of 0.36% in the last month of analysis. Thus, in the unrestricted VAR system the changes COPOM's directory seem to have little relevance for the credibility of the interest rate policy.
The Granger causality test or the block exogeneity Wald test is reported in Table 3 . It verifies whether any of the endogenous variables included in the VAR model could be considered as exogenous in Granger sense. Only the result concerning the equation with variable DLSELIC as dependent is reported here.
The Wald test of block exogeneity is for the growth rate of the interest rate (DLSELIC) with the Granger causality running from the variables: LDESVIO, EXPGAP, ROTAPER and GAPPIB. When treated together, the equation variables can be considered determinants of the interest growth rate in the Brazilian economy. However, when considered individually, only the deviation of the inflation target could not be excluded as exogenous in the equation of DLSELIC, with probability of exclusion of 0.01%. The expectations of the output gap being excluded are only 6%. According to these results, all others variables should be treated as exogenous.
The SVAR analysis
The prior unrestricted VAR gives conclusions that are valid for the short run. The estimates of Eq. (12) produced in this section account for a long term relationship. Details of the SVAR estimates can be found in Dias and Dias (2010) . The result of the SVAR is the following 5 : 
The residuals normality test or the Jarque-Bera test is χ 2 = 1.84 produces normal probability around 40%. Moreover, the unit root test for stationarity of the residuals is confirmed through the ADF and PP statistics of 8.58 and 11.15, respectively. The distribution might not be normal, but as required it is stable.
The SVAR Eq. (13) has to be interpreted in the following way: (1) along the diagonal the coefficients represent the effect of the variable on itself. For example, the coefficient 1.55, third line and column of the matrix result, is the impact of EXPGAP changes on itself; (2) column one represents the impact of GAPPIB on all the variables, being the first coefficient the column the impact on itself; (3) column two is the effect of ROTAPER on the remaining variables, again the second line coefficient 0.07 is its own impact; and so on for the remaining columns.
The output gap (GAPPIB) is considered as an exogenous variable that influences all others in the above estimate. This specification follows the reviewed literature findings. 6 It is also important to emphasize that this specification and results are consistent with economic theory.
The results show that the interest rate does stabilize or converge to its long-run value due to any change in the variables included in the model. An output gap increase or the increase in the output above its potential level leads to increases in ROTAPER, EXPGAP, LDESVIO and DLSELIC. Therefore, it influences the rate of change of the COPOM members; it raises the expectation of output gap increase; it causes the market inflation expectation to rise; and it causes the growth rate of change of interest rate to increase.
The COPOM directors' turnover influences EXPGAP, LDESVIO and DLSELIC. For the purpose of this paper, the most important variables are the following ones. Increases in the number of replacement of COPOM directors lead to an increase in the expected output gap (EXPGAP), coefficient of 0.17, which is significant at 1%. This means that agents foresee that actual output will surpass its potential level. In addition, agents expect that inflation may surpass its announced target level or band. The coefficient 0.061 on LDESVIO is also significant at 1%. Therefore, the influence on changes on the interest rate will increase DLSELIC, according to the positive coefficient of 0.015 that is significant at 1%.
How do we see the credibility impact on this model? We measure it through the influence of ROTAPER on the LDESVIO variable. The coefficient is positive and significant. This means that the turnover increases expected inflation close or above to its target level. This is an important result since it says that directors' turnover contributes to price instability over the long run in Brazil. In other words, inflation instability might be an outcome from directors' turnover in the long run. How serious is this matter for the conduct of monetary policy through interest rate determination? It is very serious since it leads to an increase in the rate of change in order to curb inflation expectations.
The EXPGAP increase lowers LDESVIO and it does not impact DLSELIC in the long run. This means that the business cycle does not affect interest rate changes or the monetary policy. Furthermore, the market inflation expectation (LDESVIO) has a positive impact on DLSELIC. It means that inflation is more important for monetary policy than output growth above its trend level.
The last column just states that over the long run the average change in the interest rate is around 0.057 or 0.57%. This is consistent with the changes in the interest rate set by the COPOM meetings. They normally increase or decrease the level of the interest by 0.25% up 0.50% points; rarely the COPOM takes any decision beyond those values.
To examine if the analysis performed is robust, we use the result from the unrestricted model where the expected output gap variable (EXPGAP) is not significant in affecting the interest rate growth in the long run. This variable is dropped in the new SVAR estimates represented by Eq. (14) 
The COPOM turnover effect is accounted for in column two. The effect on itself is 0.072 meaning that, on average, 7.2% of the directors were changed over the span period. The coefficient in LDESVIO is 0.29 and significant at 1%. It is bigger than the previous one indicating that changes in the COPOM's Board of Directors cause positive impact on inflation expectations. Moreover, it also leads to positive increase in the rate of change of the interest rate determined by the Board of Directors. This confirms previous results that the lack of credibility compromises the monetary policy conduct. Therefore, keeping board members seems to be a good policy to follow in order to prevent increases in inflation expectations, which -according to our results -demands further increases in interest rate level. Tests of normality and stationarity were executed to make sure the SVAR system of Eq. (14) is stable. The normality Jarque-Bera test indicated a χ 2 = 1.26, with a probability of 53%. The unit root test points out stationarity of the residuals with statistics equal to 10.72 and 10.73 for the ADF and PP tests, respectively.
Conclusion
This paper discusses the current conduct of monetary policy adopted in Brazil within the context of the new macroeconomic consensus. We propose a reaction function that accounts for COPOM's credibility. The change in the COPOM directors is used to measure the long run credibility of the Brazilian Central Bank monetary policy. The equation system is estimated using the SVAR methodology to obtain long run coefficients.
The overall results of our proposed model indicate that COPOM directors' rate of change seems to influence the expected deviation of output gap, expected inflation and by extension the rate of change of the interest rate. The estimated effect is positive, indicating that the turnover increases the deviation of output from its potential level and brings together inflation rate above or closer to the expected rate, both conditions require increases in the rate of change or acceleration of interest rate increases. More precisely, changes in COPOM's directors occurred in the period have not contributed for price stability. The main long run outcome is further increases in interest rate. This result indicates that the change of COPOM directors affected the Brazilian Central Bank policy credibility with economic agents. In sum, directors' changes had a social cost through the payment of higher government bond's interest rate.
How to overcome the turnover problem? According to Rogoff (1985) , the board of directors must have a formal contract that guarantees their compromise with price stability and acting independence. Hence, society should perceive them as independent from any government institution, otherwise the COPOM itself as institution will not have the desired credibility.
